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Automatic  calibrator*  deaorlbad  prorldo  mean*  of  correlating  re si wtsn  co-change  oalt- 
bratlon  of  a  strain  ga go  and  tha  deflection  obtained  on  a  pressure- tine  or  thruab-tlsa 
film  record  of  rocket  firing.  Calibrator*  ocnoiat  eaaontlnlly  of  a  series  of  relay*  which, 
by  their  action,  display  at  terminal a  of  unit  a  sequence  of  accurately  known  realataroea 
which  produoo  deflection  steps  on  ffcla  record.  By  neasurlng  trace  width  and  knowing  re- 
alatanoe  producing  step,  ratio  between  trace  width  per  unit  rwelatonoe  chance  la  a 
calculation. 
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Preface 


The  rapid  expansion  of  static  firing  faoilltisa  at  the 
Allsgaiqr  Ballistics  Laboratory  early  in  19Ult  created  a  sore 
pressing  need  than  avar  for  suitable  equipment  to  apply  cali¬ 
brations  automatically  on  every  record  taken  with  the  strain- 
gage  equipment  of  rocket  teat  firing.  Some  preliminary  work 
had  been  done  on  devices  of  this  type  at  the  Jet  Propulsion 
Research  Laboratory,  Indian  Head,  Maryland,  operated  under  the 
joint  auspiosa  of  the  bureau  of  Ordnanoe,  United  States  Navy, 
and  the  National  Defense  Research  Committee.  A  two-channel 
calibrating  unit  designed  by  C.  N.  Hickman  and  built  by  the 
Ball  Telephone  Laboratories  had  been  tried  and  was  found  very 
satisfactory.  This  work  ia  pertinent  to  the  projsot  designated 
Ur  the  Navy  Department  as  NO-31  end  by  the  tier  Department  aeCD-14. 

The  work  of  constructing  the  calibrators  was  performed  by 
the  Bell  Telephone  Laboratories  under  Contract  CEUer-256  with 
the  Western  Electric  Co^iany.  The  testing  and  installation  of 
the  calibrators  la  listed  in  the  Allegany  Ballistics  Laboratory 
files  aa  Projsot  J-10.6.  This  latter  work  was  done  by  the 
Allegany  Ballistics  Laboratory,  Pinto,  Nest  Virginia.  Expenses 
Incident  to  testing  and  installation  were  borne  under  Contract 
<JEIer-273  with  The  Oeorga  Washington  University. 
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Pull  acknowledgment  la  made  to  C.  H.  Hickman  for  ths  gen- 
aral  daalgn  of  the  calibrator  unit*,  and  for  tha  do  tailed  de- 
elgn  allmlnatlng  tha  affaota  of  o on tact  raalatanea  and  capeol- 
tanoa  change.  Through  tha  afferta  of  H.  0.  Siegaunl,  tha 
oallbratora  mere  built  by  tha  Ball  Telephone  Lab  orator laa. 
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STANDARD  AUTOMATIC  CALIBRATOR 
FOR  A-C  T'RTDOE  AND  AMPLIFIERS 


Aba tract 

The  automatic  calibrators  for  the  a-o  bridge  a train-gaga 
recording  equipment  consist  essentially  of  a  series  of  relays 
#iich,  by  their  action,  display  at  the  terminals  of  the  unit  a 
sequence  of  accurately  know  resistances.  When  connected  in 
series  with  a  wire  strain  gags  and  to  the  recording  equipment, 
this  sequence  of  resistances  produces  deflection  steps  on  the 
film  record.  By  measuring  the  width  of  the  trace  at  each  step 
and  knowing  the  value  of  resistance  producing  that  step,  the 
ratio  of  width  of  trace  per  unit  resistance  change  is  a  sisals 
calculation.  When  the  strain-gage  faotor  for  pressure 
l (lb/lnl )/ohm]  or  for  thrust  (lb/ohm)  is  known,  the  calibration 
in  terms  of  pounds  per  square  inch  per  unit  width  of  trace  (or 
pounds  force  per  unit  width  of  traoe)  appearing  on  a  film  record 
of  rocket  firing  may  be  readily  determined.  The  automatio 
calibrators,  therefore,  provide  the  means  of  correlating  the 
resistance-change  calibration  of  a  strain  gage  and  tho  deflection 
obtained  on  a  pressure-time  or  thrust-time  film  record  of  rocket 
firing, 

1 .  Introduction 

In  sotting  up  static  firing-range  facilities  important  to  ths 
research  and  development  of  military  rockets^  it  was  desirable  to  have 
on  each  record  of  firing  an  over- all  calibration  of  the  a-e  bridges, 
oscilloscope  amplifier,  and  camera!^  With  a  calibration  on  each  film 
(see  Fig.  5)  showing  tho  relationship  between  resistance  change  in  the 
gage  circuit  and  the  resulting  width  of  trace  on  the  film  record,  the 
pressure  acting  on  a  wire  strain  gage  calibrated  in  terms  of  resistance 
change  with  applied  pressure  becomes  a  simple  calculation^ 


camera,  by  N.  Alexander,  Final  ABL 


2/  For  further  details  of  page  calibration,  reference  is  made  to 
Calibration  jqulpment  for  pressure  and  thrust  wire  strain  gages,  by 
C.  V.  Lathrop  ant  N .  Alexander,  Final  ABL  Report  J-1 .0  (QSRD-yj62) . 


A  memorandum  dated  November  17,  191*3, by  C.  H.  Hickman  on  the  sub- 
Jaot  "Amplifier  calibrators"^  lad  to  construction  by  tha  Bell  Telephone 
Laboratoriss  of  the  first  automatic  calibrator  unit.  This  unit  mas 
designed  to  calibrate  two  channels  of  a-c  bridga  recording  equipment 
and  ie  illustrated  in  Fig.  1.  Thie  unit  mas  tried  on  the  wo  bridge 
equipment  at  Indian  Head,  Beryl  and,  and  ms  later  moved  to  Range  C  at 
the  Allegany  Ballistics  Laboratory,  Pinto,  West  Virginia.  Tha  perform¬ 
ance  of  this  unit  was  quite  satisfactory  and  tha  reeults  of  these  tests 
ears  of  partioular  interest  to  the  Research  Division  of  the  Rocket 
Branch  at  Aberdeen,  Maryland.  Cn  request  from  Aberdeen,  a  calibrator 
unit  incorporating  some  modifications  mas  supplied  by  the  Bell  Telephone 
Laboratories.  After  trial,  the  unit  «aa  found  satisfactory  and  six 
more  sere  immediately  ordered.  When  additional  etatio  firing  ranges  at 
the  Allegany  Ballistics  Laboratory  vers  equipped  with  a-c  bridge  record¬ 
ing  equipment, 'additional  calibrating  units  wore  needed.  Ulnor  change e 
of  design  were  made.  Of  particular  importance  was  a  provision  mads  to 
supply  two  ranges  of  reslstanos  steps,  and  a  separate  unit  Me  provided 
for  sach  channel.  This  design  has  been  called  the  standard  calibrator 
unit  (see  Fig.  2).  Twelve  units  havs  been  supplied  by  the  Bell  Tele¬ 
phone  Laboratories  and  their  performance  hae  been  excellent. 

2.  Description  of  standard  calibrator  unit 

Tha  oircuit  diagram  of  the  standard  calibrator  unit  is  show  In 
Fig.  3j  the  wiring  diagram  in  Fig.  b.  It  will  be  noted  that  the  devlos 
cone lets  of  five  multicontaot  telephone-type  tiro-delay  relays  and  four 
pairs  of  fixed  resistors.  The  silver  switch  Dl_  provides  for  the  selec¬ 
tion  of  one  of  two  ranges  of  resistance  steps  that  appear  across 
terminals  A  and  B  as  the  calibrator  goes  through  the  cyole  of  operation. 

Tha  first  four  relays  carry  b  "break"  contacts  and  2  "make"  oon- 
taots.  The  "make"  contacts  snergiss  the  next  relay.  The  "break"  con¬ 
tacts  remove  resistors  from  the  oirouit  A-B.  Relay  Sg  has  6  "make" 
contacts,  b  of  these  place  a  short  aoroee  A-B  and  2  complete  tha  firing 
circuit  through  the  terminals  marked  F.  The  resistors  used  are  of  tha 
nonlnductive  preoision  wire-wound  type,  with  a  very  low  temperature 


U/  See  Bibliography. 


ooafflolent  of  resistance.  The  switch  PI  la  »  silver  knife  switch  hav¬ 
ing  a  very  snail  contact  resistance. 

To  minimise  the  effects  of  ohanga  in  contact  resistance  at  the  re¬ 
lay  contaots,  a  number  of  contacts  are  connected  In  pay*!!®1 .  Each 
contaot  spring  of  this  type  relay  has  double  contacts.  There  are, 
actually,  b  contacts  In  parallel  for  each  resistor.  This  feature  has 
been  found  to  be  adequate  protection  against  variation  In  contaot  re¬ 
sistance.  When  first  received,  the  automatic  calibrators  displayed 
some  change  In  capacitance  across  A-B  because  of  the  inclusion  of  addi¬ 
tional  relay  contaot  springs  In  the  circuit  as  the  unit  went  through 
Its  cycle.  This  capaaltance  change  was  eliminated  by  Installing  the 
additional  wiring  shown  as  dashed  lines  on  the  wiring  diagram.  Fig.  b. 
This  arrangement  keeps  all  switching  contacts  In  the  olrcult  throughout 
the  cycle  of  operation,  and  results  In  no  appreciable  change  In  bridge 
balance  with  all  relays  open,  or  all  relays  closed.  Capacitance 
effects  are,  of  course,  minimised  by  having  the  calibrator  connected  in 
the  ground  side  of  the  bridge. 

The  action  of  the  calibrator  Involves  three  circuits.  In  the  gage 
circuit,  terminal  A  Is  connected  to  the  ground  side  of  the  a-c  bridge 
equipment,  and  terminal  £  is  conneoted  to  one  side  of  the  wire  strain 
gage,  the  circuit  being  completed  through  the  high  side  of  the  bridge 
directly  to  tha  gage.  The  control  circuit,  connected  to  the  two  £ 
terminals,  enargises  the  relays.  By  changing  the  control-circuit  volt¬ 
age  the  stepping  rate  of  tho  relays  may  be  varied.  The  two  F  terminals 
are  connected  In  series  with  the  firing  circuit. 

With  the  opening  of  the  camera  shutter  on  the  recording  equipment, 
relay  S1_  Is  energized  through  a  suitable  circuit,  removing  the  short 
across.  A  and  B  and  Inserting  the  resistors  In  parallel,  also  energizing 
relay  S2.  When  relay  S2  operates,  the  1-ohm  resistors  are  removed  from 
the  parallel  combination  and  S^,  is  energized.  When  §2  acts,  the  3-ohm 
resistors  are  removed  from  the  coni  lnatlon  and  s£  acts .  When  this 
occurs,  the  6-ohm  resistors  are  removed  from  the  circuit  and  sS  is 
energized.  When  S5  acts,  a  short  is  again  placed  across  the  gage  cir¬ 
cuit  A— 5  and  the  firing  circuit  is  completed.  The  pressure  or  thrust 
developed  bv  tha  rocket  motor  then  causes  a  change  in  resistance  of  the 
wire  strain  gage  recording  the  event  and  a  record  of  this  change  Is 
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FIG .?  STANDARD  CALIBRATOR  UNIT 


STANDARD  CALIBRATOR  CIRCUIT  DIAGRAM 


SAMPLE  PRESSURE- TIME  RECORD  SHOWING  CALIBRATION  STEPS 


traced  out  on  the  film  lass  Fig.  5).  ..hsn  the  switch  D1_  is  open,  the 
resistance  steps  appearing  across  terminals  A  and  B  arc  i,  1,  l|,  and 
2  ohms.  With  the  switch  closed,  the  resistors  are  connected  in  parallel, 
reducing  their  total  resistance  by  one-half,  and  the  steps,  therefore, 
become  l/u,  1/2,  3/U,  and  1  ohm.  These  are  tha  nominal  values  of  the 
resistance  steps.  The  actual  values  were  determined  by  a  sure  precise 
method. 

Ths  sxaot  resistance  value  of  aaeh  calibrator  step  was  measured 
using  ths  sans  bridge  and  galvanasmtar  used  for  gage  calibration?-/  The 
cover  was  removed  from  ths  calibrator  and  the  calibrating  bridge  was 
connected  in  series  with  terminals  A-3  and  a  strain  gage  that  had  been 
conditioned  at  room  temperature  for  several  hours.  A  >-volt  battery 
(sufficient  to  doss  ths  relays  without  overheating)  was  connected  in 
ssrlss  with  a  switch  to  ths  control  circuit  terminals  C-C.  A  small 
wooden  wedge  was  used  to  block  the  sequence  of  the  relays  so  that  re¬ 
sistance  measurement  of  saoh  step  oould  bs  mads.  The  resistance  was 
measured  with  all  relays  open,  that  is,  terminals  A  end  B_  shorted  by 
tha  contacts  of  relay  31 .  *ich  represented  ths  resistance  of  ths  strain 
gaga  and  connecting  wiring.  Tha  stop  wsdgs  was  then  Inserted  in  relay 
S2  and  ths  control  circuit  snergised, causing  ths  first  relay  to  close. 

Tha  resistance  was  again  measured,  and  represented  tha  reslstanos  of 
ths  strain  gage  plus  the  reslstanos  of  the  first  step.  In  a  like  manner, 
measure men ta  were  taken  of  steps  two,  three,  and  four.  Than  the  re¬ 
sistance  was  measured  with  all  relays  closed  with  the  o  on  tacts  of  S!> 
shorting  terminals  A  and  B.  Ths  measurement  with  all  relays  open  and 
all  relays  closed  provided  a  check  on  temperature  changes,  relay  contact 
resistance, or  other  factors  that  might  affect  the  ssro  reslstanos. 

This  sat  of  measurements  constituted  ons  observation.  Five  observations 
were  mads  for  sach  calibrator  with  the  switch  DJ_  open  and  with  switch 
HI  clossd. 

In  calculating  the  value  of  resistance  for  sach  step,  the  ssro  re¬ 
sistance  was  taken  as  ths  average  of  ths  value  obtained  with  all  relays 
open  and  all  relays  closed.  This  value  was  subtracted  from  sach  valus 
Obtained  for  the  four  steps.  An  average  was  thsn  taksn  of  ths  reslstanos 
of  sach  step  obtained  from  the  five  observations.  This  average  repre¬ 
sented  very  accurately  tha  actual  value  of  the  resistance  step.  Tabls  I 
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show a  resistance  data  obtained  for  standard  calibrator  Nc.  5,  which 
Illustrates  the  method  and  precision  of  the  device i  variations  are 
el  thin  the  limit  of  error  of  the  re  slstanoa  ■■measuring  equipment. 

3.  Conclusion 

The  Bell  Telephone  Laboratories  provided  8  standard  calibrator 
units  on  the  first  order  and  It  more  on  a  subsequent  order.  These  units 
mare  constructed  in  accordance  with  the  Bell  Telephone  Laboratories 
Drawing  No.  BO-105910  (the  circuit  diagram  shorn  in  Fig.  3)  and  the 
Bell  Telephone  Laboratories  Drawing  No.  30-105911  (the  wiring  diagram 
shown  in  Fig.  It).  These  calibrator!  have  given  excellent  service  with 
a  minimum  of  maintenance.  The  only  maintenance  required  was  burnishing 
of  the  relay  oon tacts  before  assuring  the  resistance  steps  or  placing 
In  service.  After  about  six  months1  service,  one  pair  of  units  showed 
ease  erratic  action.  The  contacts  cn  these  unite  were  reburniahed  and 
the  resistance  of  the  steps  remeasured.  The  resistance  of  the  steps 
had  not  changed  appreciably  in  this  time. 
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ABSTRACT 


Automatic  calibrators  described  provide  means  of  correlating  resistance-change  cali- 
Dration  of  a  strain  gage  and  the  deflection  obtained  on  a  pressure-time  or  thrust-time 
film  record  of  rocket  firing.  Calibrators  consist  essentially  of  a  series  of  relays  which, 
by  their  action,  display  at  terminals  of  unit  a  sequence  of  accurately  known  resistances 
which  produce  deflection  steps  on  film  record.  By  measuring  trace  width  and  knowing  re¬ 
sistance  producing  step,  ratio  between  trace  width  per  unit  resistance  change  is  a  simple 
calculation. 
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